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MIA tfSfcfc <MI sn *l* 



t. Jte#< t ±Bmmmmm 



c9 7*aAif»«ft^fc»eASi » 



a* * it* 6 • t » « c * «« ft h r * © 
mmu x mxttm s *m«***mm. 

fVA.lt. fy^A^lliMT^iH^l 

IJbeii*t*t»«IBJl7 * r 

X * J C-»^Ttt* Mil KB 8-" 



-577- 



BEST AVAILABLE COPY 



HKR178236 
HR905 026225 



±8CEI#li4f *7* • #-> .>«K 
a3T4**©*y^* • t**a 

TA>cAa»r4*i6* • T#*x • « 

- ► **4. 

««#TTT/ffT. *9 T*aaai»**ST5T 

• #- ► . ^ye*^miliUf-# 
• f! T^aa»**«fton4a**Lr 
»%-r*,> ^rr^xx ho-ror* fftT 



*«U>MT*f^/ { (AX • AY) flH« 

- * • * 9 «»T**«©> % 9 tf«v»e 
a* t***vattK«itftt-4**e* * v# 

~**4« raoi* r»r*-#-t*/<%9* 

#- > • /% 9 »Lv^-r 

#acaaa*4. *ea« '«9«aa»o* 
* f# ■»e»taa*aaji* t n* 7 - r*c 

9y*ft*Af»e*ji«*j»«fca9 % ^97* 
-"Km*** at tana** 7- raca* 



UBIIB 63-239675(2) 

c^ttamni, cot** d» 7 p*,*'* 

au*fM7- rK97ruxAx^i«fA 
o-a icMi^ M#Ht7- rttea# 

f-#ac«tth4« a*, o^r^x f 
« - 1 m+TTTc ttiKt ■ 9 & * n 

4*9A7rPxx > «-r<M-?7Tc&*T 
CH»CT * 9 7^t»ft«Ml7 K 

ea««liibK4aLf-#«»V7*-7r« 

* • <->«f-fK?x/i:aar4fei6c# 
a iv 4 * * 9 % * e m 4. in t f - # * r - # 

cjvcjco* CKTOry ^-hCMff 

k fc ' 7 *^ **r- ******** . 



ux#fc*». ^-#aaa»a*F¥/ffl« 
ff7*#« f #ati C «ai,ts9Hf4 

«aa#1TT/9TaA4 P-<*cHt/ ^ty 
rtt« aa©Jt-5c. >%7 9BII»«My# 



^fcjM*T% fV7Xr#Br#fltSCCJt»t 
A^#»^Mt4IB^H^4e«^St 
*f3-rtT4*r«T4iBW^ *9T 

wo ,**+scc*acjfcaiT«*i9c* 
# < *4±* f-/aiM»f oT/ol«f 

9TWnr^l4S C C M8 L TJ B Jt 4 C 
^Bait4ftOt44. Ce****4BC 



HKR178237 



HR905 026226 



ftt+4 4t*<M< ft*. fVT*f 

«oettai«BKT4c ice*. 
*atx* ce*aaee**<fc0ttftav*** 
(na****-r****¥*> . 



»iaMS3-23967C"C-3) 

(ft *) 

JtE**CJ:Afcf* r*T* . «- t . 

^*f»r* • * • > *V*C*«<*Ett« 
CX»«) 

T4*». RlQHI^v^S. 



a«aftea&a*cJ:-pT~ #c«a*kat* 

~c«iejt9* r+r*> • *- ► • > %f —a 

leUTol. #ctlB**at**<» #v 

aaaa*** 6** cetaaaxaacaar 
u^eimiir e*a*4n.4. Man 
jcaBcK»aa+tta*#*+a*ax;r»*< 
as*** *c*x****ttB«a#©w««> 

a**to<CJrnTT r uxfltfN^ltffA 0 



a**«. 

iBXraKS I O ******* 

A^M?S I O 1 - S I O 4 **UT% 4-3© 

r cMisr 4E*r-#*w*c*'» 
y*cAaa*H4. *it*.*X3 - re#X* 

a*#to*C*t«T» 4-3«><%f TK**** 
^«H4«^tt Lf-#«f? T*AttXf**S 

► ^Ct«Jir4Ci4tli. 
• T # *X • « - ffc^|7*«7^*X'#- 

/nb»B«iitrna^ff7^tt«*cir 



HKR178238 



HR905 026227 



ft** C**A£**4« 

r A • 7** A • WCMlhU^ 

tcswi-csw4*<tt»t*h*. Cfc* s% 
* •?'+*•«- t** 9 at r^ar 
i*4*.4. :n*e7r^fa-/tt, **« 

««±«> * » 7 HOElCeCT, ttftflft 
*4*ftC£4«4. fflBCtt. 

S2BC*t»T» J»*»THM-AIYltt, 



* * *'/*«9B»TC**4**«*i*9- ran 

f*. £OXM^OIf#fiRAIItB. 
•««T KWX«JtKt4tl»CX7rPXitA 

xo*AxuMA7 r wx«j»zr4**o 

YT rWA«f AYO-AYttt, 

»*t r u*x ► ■ -7{h>TaT©a*t*9 
cwmutxt rwxcitA xo-axi^ * 

**ftA7r*** ►o-7'McTic2«T 
CBBLTY7 ruAfltfAY I^AY I * 

«n«nm^Ai«AieM#M. t* 



» fBU 63-239676 C4) 

RACElf ft.4 (■«•!) m (ft *» i > fles 
****ca*«*«A4. 

-«ffcEK»*i4« MlC/«9«^C7r 
waflMMosFKT«y-nt, net 4 7 

-r«Ctt+*A4. *7-r»tt, *4Ca» 

an its***. 

y7 7 RAoiHiii«M«Mni7r^ 

»**4X7 f t/XAVAX 0 £JtlfCrtV7 f 

w *«* a * • A«ncn»r r>xflf7Ti 
*«<5*T«iif!i7 ruxflrtj.1 • e** c 

AX 0<*AX I 6KtM-|:«9- ra«9 



• Mift4r«fc»4ii9 7w>^««r 

:ci if 7 u 9 i*m*- rc»^ 
t|7w» f*tHi7- r««nrzr4*»« 

• 7 ****** t r*»a** y#RiPCA<fttf« 

r ruxT^tru/tAMXtt, * 4 * vr 

«0»TC*4ft»**4*< * x<fftMi 
' C«ft, M«7A l*A I OUtAII 
H4XT rfXCff*AXt-AX U97^v(^ 

• 7r^*9y#Rgre«>mt«i«!; 
Aoicttiir*. t<i)«« #« c v/»t# 

r«f ^D 9 |/K^^$K41g0/497^tX 
*- rc#*'T* AllfAfA I **UTrt 
>CH|^6AII«4t4X7ruX(t9AX • - 
AX 1 «8KU % M( Vfm+tft U 
^^i8K4 IA9 7Vy|r*%-re*^t« 
l J7Ur<'»7rux<9y/REFC^*aa 



HKR178239 
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*a«r*. - 

««OJC4C« XT r^«fxx o *AX I 

«o *t r wax ► o -ra*?rTT ©sst* 

*C«aCT*aa*AO-A I C0t»**4fc 

cc*hto*t r wxx to-yft+ffTTe 

fif>H4>*»; **0T r wxa** MO S P 

»#t«. >*9Tf<<M-ARYl4Dft«tfr- 
yC*l*T, »*JLA<< yf-CS 

w i ««icr*x-r yfuotr stc***** 

**caK»C4l»*a*-*MLfcD I (CCT, 

«*a c"D7****T*iiAaf -#mu.o o 



fftSiea 63-239676 (5) 

0Jr8TCJt,t«I«h4. C**OX-f, 
tMOSFIT«||y««?B % If**!*-* 

c"5Tc*actt#***. cncjfe*. 
*»*-#a.c.D i i*i«n*c»Kt^. * 

* AX-f 7fCSWimr4IN(DZO«A 

an* >y<A •T*%x*«-».*»»j k7P 

9 y/i, *.T**X • *_ h** » AT rwx 
fa-/RCDtt, aft T K VX /< V T r CA 

o ■ *n**»riar r^xdUr o 

-at i ruz-ft vfniiiTc 

*a«»T* Jfea*-*aa*a»#**i,* **— 



rWXAy77CADltt, « y 

rMMTcc#^t* txT rwxx fv- 
r a * rrj eft « «tttt utm * a * 

i «a*l« inr«^iie, iianaT rw 
xm+jLJ o-j.r imttfy/A • t# 

♦ •MkIi^t, * yxT^r s a i ctjjsr 

*y*7vriAi otaaaa** saaa 

raaaaa« f < % yfmB«Tc^4{R» 
***** t yraf o.cjt,Tif>ttttts 
n r »/ *y %**»*«*r««ar-sac« 



YT r WXfl + A Y • - A Y I CftX**,** 

tfr-**«jMa*i»ca«*ft««a*ar-# 
UOtd. » a • T#%x • *- hMXm 
*a*R t oc«#tni. coix/j. • t# 
*x • *- taAat^aan i octt. / ^vt 

HM-ARYI-M-AIY 4 CMS I* T ft* 
*K4IW*af.fi i fi i oi-iO 4 *PJ«C 
U*«H4. 

► y^A • T*%x • «- > 

tta^tiv, Aaaa? 101-104 t^u 

^■OBK^<»AII«ll4ffl^f-/««lf 

wta*«*±u* *tf*af-sttjCLD 1 -s. 
0 4 caar*. «*%r*r**«-i»*>% 

9*5 V/i • T**X • #- MI»ttUlf»% 

- rc#^t» r-f t y/«iiiTe^4«ii 



-581- 



HKR178240 
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***** t yr**#rrc*-.T»*«*±* 
a«*a*-*a£.D i -js.o 4*>ux* 
ii«tt*> «9+*ob*&l t 4c 
aau* amw: o s~ t o 4**ftftr*. 

C*at 9 - r • *f^r^ • 

ubim^t, ' + 9+**tR4»ai*fcf- 

t&tt*460*aA*HB*<ft* in*. COM 

ttaa*aaoft**- rat* mmmiif 

B«*A 0 - A * **CT0MM H***a ■ - r 

fa- r ittaajraa****- rtH • a 

xr*fc**y3-<**cr. aura- ret. * 
nrruxx k #ca"*>« n ru 



WGH8 G3-239676 (6) 
-<*ian4a*#4>*C4r^T* MJI^A 0 

*** i *r taA&r***ena«att+i 

8***9 r*a;&»*#B*r4*4 ur« 

f?* r-*Xa***a*?r o 
i — r o 4 cA»in*t^ ***** n*tt# 

614M. 



— jr* c«xan«r»y** t . /%9 
-f Bc»at,T****4« ♦ l r 

*44My#PNT, »¥7** 7# «* • 4t- 

m*M7rw*fa-/s co&tF^f t* 

~Aa£*8S I OC**T»«*H«. 41 

« >r p NT&ff * 9 y*-r#%**4r~t>fl 
MA7r^f>.nco»* ****** J: 

C«r(t4>«97MOE|6a(|tailltf 
tll4C*tft4. 
r-#W<rx?DltllK* >*|7U^U-A 

»ffl«iMl«7! t77B»7«# 

^iOBCtt, f-#UJI«x4 tfUOlP 
bt********** *»y- fettfy t 



V*U#/Dlti C**r4X<< rfMOS 
PITCtt^tM. f-#«U#f DIL|tt« 
Jb*0* * AM TfCflfUMCMAI 

Aaa*4ia*ar -rajsLo s i tanDcit 

*»MO S FET«y- htt*n*Jt*a*M**V* 

4V y/PNTtt* *97**7*%A«4r- 

IK4ff7^1f»B»t, h**JtT4 

■ a C4T-C y# « ff) fc. H)f7 

t'upA#*pcn4o*cfti?4*4M*'* * 
a***.*. ^7^^x#ci»iff f«a^ 



HKR178241 



HR905 026230 



K4, #OM«TOi/7 h \>01s0 tt„ f * 

#»'t% #4 i y/-«viii»Tc**a*«ft.* 

*-rfc©*7 *A*«tM. #4 ^Mrfl 
AYlttltIMM 7»A^«M^f I* 

i *±r4, ***** **V*Atfcj&*- rc 

AY I CJt*T*f T A> A m*T 



»M8363-23967G (7r *^ 

4. COttfl * 1 - ©ft**C7 UMC^C 
X#ORlC*t v H<R*Ci'9T*Aai;0Jt 

w**4M*T4c**t#. 
#4. 

w4M-Aivi«i^ia«m-#i^i . 



* yft KTttt« #4 t w 
AtttftBBS I OC»«M. r+T+ • 

»Afift«»s io«^itn7*cA»in 
*/dr i 4* y >c**A»*n4. 

Stt. #4 C ?/*<t*<'»4 u-***aA4cfc 
CJK^X, /%f 7*4 M- AH Y I CBHtn 
**-K«C*#*A4»* l«0**f **C 
-*C*ft£**l4. 



M«ii*iftr-#it.£ p Ds i «£d'i ac^^f 
T*A.aaii?s i o i i oiRHSttt 
if 4*4 4 07 yrtf-rX^^v^ 

• ► • -#«a*- rc 
*»t« h< y c* 4****4 
r 4 < yr(t##«r«/%4 w*c*c*.»TAf*tt 
a**** Msr4c » t*a*»*i§«*31^ 

r*> 4 yryrcji^t*iiii4«**uf r 

M7^Attmi IOi-1104 
^44i«ttlCtt«T4. tfc* frlT^A* 
^BISI 0«f-/A)5/<»^rll» 1* + 7 

• / Off 7 »Vtft + A**~ 

c*»-c« #4 < yr«M»rc**«*»n 
4*4 t xrit# 4 i*-«*cj&*rAf* 
****** «*7** V7*Am*«*» i o 

1 - S I 0 4 **LTrV»©aE*4*** A4 



-583- 
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I « c« ..Titan*. 

loi-sioioutUf m^ctfl^e 

n*. IUEil9l6^KH7» 
S*9«X*U*!«««« S4*»T**«-|. 
•/*9«* 4-3«**9 THU-AR Y 1- 

?*»*»*» t * » tM*/*f ut«^ 
r««*r***o«*a - roit****©- 

^57^txltfT>««*T4fci6 



CAM**. Cfe* ^I^(r«tt8h4^f7^ 

f!T*Afl»I4S1 OC**T*. 

****** t«*l4Ctt, 

it*. trtnr^* M-nt 

. r#*» • ^oH4« 
r±»*t*. ■i7ruxA^-r 

r>xx ► t-r»f cTs^o^w^^ta* 

«*«#. M«fy^.7M» • 
r* 4^tttifffi 



WHW63-239S7S ts) 

« 4e*t,T*n«4i*y 7^ctt^«h4tt4 
fr***-rA**ru#<f>c*,T**iiiii,* - 

-9**9 T*A**«*S I 0 I «*It*0O 

«^9r^a^j|ci9^ii«««e»Att^ii^0 

fcttM«<i4oo7ri.x*M-mI 
aT. * 9 Jkr r*x* ► o-ritfcAT. » 

t> o"E* u 9 r * a » « «<t*«7s e jc * 



*»4«Uf-#»f.# W?*#Dft 1*014 
C«At,t*fe»*f 9 T*ft»ai**fT* 

K4«ur-#M«- rt**t*. 

-r 6f-/fi2ift«anT4tTo * » r * 

©fc*. #-f t y/NIITCCtt. 

mxm+i o i - i o 40Ltuin*t< 

^^I419i&4, t"JT^B,^|f$CC 
#MCTR0ft>ftfift*t? 9*£«*&*CJt* 

T0<»h*M t * rm* me* + xr - * 



-5S4- 
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A 0~A I C«»*4l» tfc*UT rwx<«* 

rc*i*Ts« * t at rwxx ► 

a-rff4c71«t«Ti<9enBtt. nil 
-AY I **0«?A 0-A I C«***4. 

»c#i*4r-c < yr«M»Tc 

i o 40Ut« o«rru** ►•-r«»7 

ft**n» « * 4 *t • * * r * * * » * a * * 
ftftf-' i • i — i • 4 



?*iaa363-23367G (S") 

DRl*OUC«y 

■ ♦ i * * ♦ * **c-jrcA$t**« 

• «- ►€«^t^9 7»Vll&*ftf|rtt.. ±e 

-jbn ©*r r uxx Ka-rar*lTAT©ac 
« #c"a1*«/*« **«**4po k-c»eiit« 

K4tt«* i^^cTTtf^irTR A 3 1 7 U 
t,T«***4**3 - r r c« 



Tcrtcft*fcn«ttc'«< * 

cnntTMiM^ t >ra+ #«•*«{*» 
**«. «*. t yr»M»Tc« 

Tl-cltt. 7yry-nBAOio4.^« 

bag icaa«»« » r is. ** y*nnc 
T**oc«*J5rcr*c7-c7*T-*Tiia 

r rv- AC I t r Ott 

6tn%7/rr-M>A0 



HKR178244 



HR905 026233 



fiiNACictt^ftt, yy ry- t 
fry- > «»n ao i eft*a+tt* -*c* 
y- ta»N0 o i «-y«A*i^cA^n 



* - WIHIS 63-239676 (10) 

<t*c*t>T« ry- *b»no 

■inoc i # 4 t yrm+tti 

4lt<0#PMTB:(|||«M. C 

• r-f < yrBt^ttt, rctf a r • 

* t"**fc*ii*r»y*« «- * . / oil ' 

■ ft ao i em*ar+ * i r MJ^t» 
Mtl. BBCflfltftf-Bftcw w-<*fc 

y y ry- n»Ao:«4^,(iftt. ry 
* y/iiCTRetfitf^ - g • 
ry- hiiAoio«mtt« n^^n 



it* t vrar## eta*. 

*CB«- rc** *B*#*BT4**6©-B 

BJBc#t*T* c«y*y* • h • * * 
t>«**+ ■ ^ f-c*cft<t«*vft c *b* »t 

> »-ra*cAT** n *-r*«#F 

/5T*«o«) l*«*£*tt*« t** *BB?A 

6-A icBt9-rt«tr*6*«XTrp 



xntAxi-Ai i y-#Aaa 
**bb* i o i - t o 4ctt«*y rf a* t 

Mr^tiC«t^*t« ft r 

:«t^ #*b< iritt»f»r*'<-i' 
- >%<j«*bcb* tn«> «f aaaae* 

y*a*«>lfa«c*-.T*****. t«D3. 
cr*ttB«*Ni ^t, «*rruxx n- 

♦if i-Kl-NJ 
±LT***A*. :*t^*l» ft r ttt* 

Ly-**aa*iv*«T©*B*aii*BB-e« 



-586- 
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tux*****, o^r ruxa f«-rar* 

r *y x* • # •> • -en* o*r rwx 
x *«-y«*FATe«T*«*c*«.x% x 

iFAT«**T**cj;«.x*- r«#* 



- fflRBa 63-23967*6 0» 

r o ito * u^^ts'iv*. ;«7J/ry-n 
Sao i o££ar+*B * 

ttcojioy ►ro **MTJbitx*\*HR% f 



MA7 rwxx ►o-*«* : «"aT«x*T* 

*C*-T* Y7r^BfAYI-AYl*«» 
A YO-AY I r H=|*« • i • * 

*9Sf*a9CTJieJt*** y^r^y* 1 ! 

• -ca*** T^ry- ► ■ 
■»ao icaaa* • * * 

-or u«i«m. * 



-rvXttMK l*»4Y7rv*MAYI-A 
*A i yrMflRTCTtt. r 

•&vryr/- ao t » r 

fr>««JfrlS Jt«*X« if»TMtf#llf 
ft*** ^7*Aiil4IIS I oa**« f# 

^tX'«-hJI^^7 ruxfa-/s co 
•«if>fiM< y^KT«Y7rux'll 

fAYI-AYI CUBtUfF ► 

I - ► * 

^^XfDM -0 R 4C»lt»Kfc«** 



-587- 
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SLD9 1-J5.0 3 4i^^»T^A4«i»« i 

Ot^t/tM T 3 I O I - 8 I O 

4CIB»SIV4, * < I yr«t# «CJc4#-< 

r-*<t>maP00*0«***- 

t yfCt+tftr** f T*#« v#0*3 COS 
*±**c00t*Tw* cue 

0fftt0fc«*% *»T*Aaia0*S I O i ~ 



• ~ HMB63-23967G 0*> 

ntsceto^ftc t r » *!t«4A*. c 
iT*»»0fr*«0***. *»* 

BL±e*K*mtzm* A4* coftlt 



*0*»SL^ #4 t yfWO»TCCft»t4 

r #<i + s c&cpcrftex** y#^urc 
a*fMc**T4* *«c***00**4c 

± *«T t 4 * V 5 00*0 



'ft»00?0*«KW0?«4Cfcttt** *T6 
«»• KAtfvllll0Ht yfMBBTC 
^Ttt* * 0 yfBBCTX«J»9 y *T4 

0*400* T*# a*#0+SCC + 

OJilcir t V wOA/C0*T4± * *C 

*»y^B■cTR***y^7»r ^ >*» 

♦ «C # *0 • » r ■ tfa- F U« 000 «t 4 lv 
4*'7>Uf*#«WBr4*T h CMS * 1 * 
** * *9 T*#» CCJK 

♦ *«00«0«c0Ofeci:CJ:,T^V ▼ 

♦ < t rl«9^7r^u^B-rll 



-5S8- 



HKR178247 
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Rt|0f*7^*4- ► • >«9tt« 5 

Jt^L, * yrM * T* + x • *- ►©A* JOB 

«- ► • >«9C4 lltt C • *HBtt* *>« 
C t 6 * O * 9 T * ft * Mfr * A 

*W«CI#JLtf # « v # B#cJt ttMIA* 

CBBOB*) 

©CJ6-TB4A*»«*BBCBlfirntf* 

• i»4t»4. ***** +m>y*> • *- ► • 



A<tt«ft&i% r< ty/flfliasiTccft^ 

6T. *VTW v'ff+CBBUSltUfc* 

< t y<ttt*fliUf-Mf v r ******* 
a*r*c a*r-#*© r t Hu- ► 

*Tfr« «*Ufc*»Ba*B4C±*Ti 

4, iieitasi 

BIBB. *©***«**» Afcf.T* • « 
BS IB* B1I0#4 t vf«aflB«+V 

r-T* • 4i- ► >«9c-xBM«»rr« 

»#B* 



B 9 BB« B tB«f»T*» 

c** *a+*o* -*ea*- r«-«BBt 
#r t yri. 

B 4 BB« C©*BC*2*TS:ai»»«B* 

-#BJ1%- K#*f t VfTOT**. 
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Specifications 



1 Title of the invention 

Semiconductor memory device 

2. Claims 
1 A semiconductor memory device comprising: 

a serial-parallel conversion circuit that receives a plurality of read data that is parallelly 
output over a plurality of data lines constituting a memory array and provides a serial 
output in accordance with a clock signal from an external source; and 
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a timing control circuit that controls the serial output operation of the aforesaid serial- 
parallel conversion circuit; and 
characterized by: 

the timing for starting the aforesaid serial output operation being set at will by 
specifying the number of cycles of the aforementioned clock signal required between 
activation by an activation control signal from an external source and the start of the 
aforementioned serial output operation. 
A semiconductor memory device described in claim 1 characterized by the aforesaid timing 

control circuit comprising: 
a counter circuit that obtains the aforesaid number of cycles from an external source in 
synchrony with the aforementioned activation control signal and then performs a count-down 
operation in accordance with the aforementioned clock signal; and 
a timing generation circuit which, upon detection of logical "O" for all bits in the output 
signal of the aforementioned counter circuit, creates an internal clock signal that is used for a 

serial output operation. 
A semiconductor memory device described in claim 1 or claim 2 characterized by: 
the aforementioned semiconductor memory device being a dual port memory; and 
the aforementioned number of cycles being provided over a plurality of data input/output 
terminals for random access port use. 
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3. Detailed description of the invention 
Field of industrial use 

The present invention relates to semiconductor memory devices and in particular to an art that 
is effective, for example, when used with a dual port memory that is used for image processing and 
possessing both a random input/output function and a serial input/output function. 

Prior art 

A description of a frame buffer memory used with images to display characters, graphics, etc. 
on a CRT (cathode ray tube) screen is found, for example, in pages 243 through 264 of "Nikkei 
Electronics" dated March 24, 1986 published by Nikkei McGraw-Hill. 

The dual port memory described in the aforesaid literature is provided with a random access 
port that is used for the input and output of memory data in one-bit units or several-bit unites, and a 
serial access port that is used for the serial input and output of memory data in units of word lines in a 

memory array. 

Problems to be solved with the present invention 

As Fig. 4 shows, a dual port memory such as the above is provided with, as external control 
signals, row address strobe signal RAS , column address strobe signal CAS and write enable signal 
WE and additionally, for example, data transfer control signal DT / OE , serial output control signal 
SOE and serial clock signal SC. With a dual port memory, the read data transfer mode - where the 
read data is serially output - is recognized when the levels of the column address strobe signal CAS 
and write enable signal WE are high and the level of the data transfer control signal DT / OE is low 
when the level of the row address strobe signal RAS changes from high to low. At this time, the 
address AX of the word line to be read is provided to external terminals AO through Ai in synchrony 
with the level of the row address strobe signal RAS rising to high, and the read signals from the 
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memory cells that are connected to the selected word line are set up in the data lines. Also, in 
synchrony with the level of the column address strobe signal CAS falling to low which occurs with a 
slight delay following the level of the row address strobe signal RAS becoming low, the address AY 
of the first column that is to be serially output is supplied to external terminals AO through Ai. 

Thereafter, when the level of the data transfer control DT / OE is set back to high, timing signal odt is 
generated - the timing signal *dt is used to transfer to the data register of the serial access port the read 
data that had been parallelly output to each of the data lines - and, along with that, an output operation 
is begun for the new serial data (data following (AX • AY)) that had been transferred to the data 
register in accordance with the timing signal 0c which is generated in synchrony with the serial clock 
signal SC. 

After the level of the data transfer control signal DT / OE is once set to low, the serial output 
operation begins when the level returns to high. The timing for this is controlled by monitoring the 
output signal of a counter circuit which counts the horizontal pixel location and which is provided in 
an external memory control circuit that drives the said dual port memory. To explain, when the output 
of the read data in the memory cells that are connected to one word line in a dual port memory is near 
completion, the dual port memory is reactivated and the read data in the memory cells of the new word 
line is output to the corresponding data lines. Thereafter, the level of the data transfer control signal 
DT / OEis returned to high while monitoring when the level of the serial clock signal SC becomes 
low which happens when the value of the counter circuit in the memory control circuit shows the end 
of the serial output operation for the read data from the memory cells connected to the preceding word 
line that had been selected. This then causes the read data in the memory cells that are connected to 
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the newly selected word line to be transferred to the data register and initiates a serial output operation. 
This allows a real time data transfer in synchrony with the CRT's dot rate. 

However, improvements in display technology have resulted in the development of high- 
resolution CRTs which have increased the dot rate that determines the rate at which display data is 
serially output. This has resulted in a difficulty in maintaining a synchrony between the rising of the 
levelofthedatatransfercontrolDT / OE and the serial clock signal SC. To explain, as described 
earlier, the timing for returning the level of the data transfer control signal DT / OE to high is 
determined by monitoring the output signal of the counter circuit in the memory control circuit. This 
means that as the delay time involved in advancing the counter circuit using the serial clock signal SC, 
and the delay time involved in decoding and monitoring the output signal from the counter circuit 
begin to increase relative to the period of the serial clock signal SC, raising the level of the data 
transfer control signal DT /OE in synchrony with the serial clock signal SC becomes difficult. As the 
dotted line in Fig. 4 shows, this results in a timing mismatch between the data transfer control signal 
DT70E and the serial clock signal SC, and in particular, a delay in the level of the data transfer 
control signal DT/OE rising with respect to the rise in the level of the serial clock signal SC. This 
then results in shortening the duration of the timing signal edt which is used for transferring to the data 
register the read data from the memory cells that are connected to the newly selected word line. This 
results in an unstable serial data transfer operation and a disruption of the displayed images. 

It is the object of the present invention to provide a semiconductor memory device such as a 
dual port memory with a stable serial data transfer operation. 

The aforementioned object and other objects of the present invention and its new features will 
become apparent from the description in the specification and the attached figures. 
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Means for solving the problems 

The following is a brief description of an overview of a representative embodiment among the 
embodiments disclosed in the present application. To explain, during data transfer in a dual port 
memory, the timing for starting the transfer of data to the data register is set at will by specifying the 
number of clock signal cycles required between the activation of the data transfer cycle and the 
initiation of the transfer operation. 



Operation 

When the data transfer operation is about to start in a dual port memory, the aforesaid means 
allows the clock signal position where the data transfer operation is to begin to be specified at will in 
accordance with the counter value of a counter circuit in a memory control circuit. Furthermore, since 
a count-down counter circuit provided within a dual port memory is used to perform the transfer 
operation in synchrony with a clock signal, a semiconductor memory device such as a dual port 
memory with a stabilized display data transfer operation is realized. 

Embodiments 

Fig. 2 shows a block diagram of one embodiment of a dual port memory where the present 
invention is applied. The respective circuit blocks shown in the said figure are typically formed on, 
although not restricted to, a single semiconductor substrate such as a single crystal silicon using 
semiconductor integrated circuit fabrication technology of the public domain. 

The dual port memory of this embodiment is provided with a random access port that is 
accessed in units of 4 bits and whose basic structural element is a dynamic RAM, and a serial access 
port where memory data is serially input and output in units of a word line. This allows the dual port 
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memory to engage in a series of serial input/output operations simultaneous with accesses made to the 
random access port. Also, although not restricted by this, a random input/output circuit RIO that is 
included in the random access port is provided with a logical operation circuit for performing raster 
operations, etc. A function control circuit that controls the said logical operation circuit is also 
provided. The logical operation circuit is provided with various operation functions such as logical 
multiplication and logical addition, and which operation to perform is specified with a [logical] 
operation code which is specified by particular combinations of the control signals which are input 
through external terminals AO through A3 for the address signals. 

The serial access port is provided with a serial input/output circuit SIO. Ordinarily, memory 
data corresponding to four memory arrays are simultaneously and serially input and output through 
four serial input/output terminals S101 through SIM. However, a specific combination of [logical] 
operation codes can be used to specify the use as a memory with a xl bit configuration wherein read 
data that are output from the four memory arrays are alternately output from input/output terminal 
SIOl. 

From an external device, in addition to row address strobe signal RAS , column address strobe 
signal CAS, write enable signal WE and other control signals which are used in ordinary dynamic 
RAMs. the dual port memory is provided with data transfer control signal DT / OE which is used for 
output control and for controlling the data transfer between the random access port and the serial 
access port, the serial output control signal SOE which is used for controlling the switching between 
input and output operations by the serial access port, and the serial clock signal SC which is used as a 
synchronization signal during serial input and output operations. 

Although not restricted by this, this embodiment of the dual port memory is provided with four 
memory arrays, M-ARY1 through M-ARY4, and sense amplifiers SA1 through SA4 and column 
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switches CSW1 through CSW4 which correspond to the respective memory arrays. A column address 
decoder RCD and a row address decoder RD, common to memory arrays M-ARY1 through M-ARY4, 
are also provided. A plurality of such address decoders may be provided depending on the 
arrangement of the memory arrays on a semiconductor substrate. Fig. 2 shows memory array M- 
ARY1 and its peripheral circuitry for illustration purposes. 

In Fig. 2, memory array M-ARY1 comprises (m + 1) word lines that are arranged in a direction 
perpendicular to the said figure, (n + 1) sets of complementary data lines arranged in a direction 
horizontal with the said figure, and (m + 1) x (n +1) pieces of memory cells which are located at the 
intersections of the said word lines and complementary data lines. 

The dynamic memory cells which configure the memory array M-ARY1 are constructed of 
capacitors for data storage and MOSFETs for address selection. The gates of the MOSFETs for 
address selection for the (n + 1) pieces of memory cells that are arranged along the same row are 
connected to the corresponding word line. Each word line is furthermore connected to the row address 
decoder RD so that one word line that is specified by the X address signal AXO through AXi is 
specified and selected. 

The row address decoder RD decodes the complementary internal address signals axO through 
axi (here the internal address signal, for example, axO) with the same phase and the internal address 
signal ixO with the opposite phase as the X address signal AXO that is supplied from an external 
source are collectively represented as complementary internal address signal axO; the same convention 
is used hereinafter) that are supplied by row address buffer RADB, selects one word line that is 
specified by the X address signals AXO through AXi and sets the selection state level to high. The 
selection operation of a word line by the row address decoder RD is performed in accordance with the 
word line selection timing signal ex that is supplied by the timing control circuit TC. 
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The row address buffer RADB receives the row address signal from address multiplexer AMX, 
forms complementary internal address signals axO through axi and supplies the signals to the row 
address decoder RD. The dynamic RAM of this embodiment uses the so-called address multiplex 
method wherein the X address signals AXO through AXi which specify the row address and the Y 
address signals AYO through AYi which specify the column address are time-division multiplexed and 
supplied through the same external terminals AO through Ai. The X address signals AXO through AXi 
which are supplied from an external source as control signals are fed to external terminals AO through 
Ai in synchrony with the level of the row address strobe signal RAS falling, and the Y address signals 
AYO through AYi which are supplied from an external source as control signals are fed to external 
terminals AO through Ai in synchrony with the level of the column address strobe signal CAS falling. 
Furthermore, the dynamic RAM of this embodiment is provided with an automatic refresh mode 
wherein data stored in the memory cells are read and rewritten using a prescribed period. Therefore, a 
refresh address counter REFC is provided to specify the word line to be refreshed in the automatic 
refresh mode. 

In accordance with the timing signal eref which is provided by the timing control circuit TC, 
the address multiplexer AMX selects the X address signals AXO through AXi that are supplied via 
external terminals AO through Ai and the refresh address signals cxO through cxi supplied by refresh 
address counter REFC and transfers the signals to row address buffer RADB as row address signals. 
To explain, when the level of the timing signal oref is low meaning an ordinary memory access mode, 
the address multiplexer AMX selects the X address signals AXO through AXi that are supplied by an 
external device via external terminals AO through Ai; when the level of the timing signal oref is high 
meaning an automatic refresh mode, the address multiplexer AMX selects the refresh address signals 
cxO through cxi that are supplied by the refresh address counter REFC. 
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As afore-described, since the X address signals AXO through AXi are supplied to external 
terminals AO through Ai in synchrony with the falling level of the row address strobe signal RAS , the 
row address signals are obtained by the row address buffer RADB in accordance with the timing 
signal ear which is generated by the timing control circuit TC by detecting the falling level of the row 

address strobe signal RAS . 

The drains of the MOSFETs used for selecting the addresses of the memory cells that are 
formed along the same column in memory array M-ARY1 are connected to the corresponding 
complementary data line. One end of each complementary data line in memory array M-ARY1 is 
connected to the corresponding switch MOSFET of the column switch CSW1 and, furthermore, is 
selectively connected to the complementary common data line £D1 (here the noninverting signal line 
CD1 and inverting signal line CD1 of the complementary common data line are collectively 
represented as complementary common data line £D0; the same convention is used hereinafter.) 

The column switch CSW1 comprises (n + 1) pairs of switch MOSFETs which are connected to 
their corresponding complementary data lines. The other ends of these switch MOSFETs are 
commonly connected to the noninverting signal line CD1 or inverting signal line CD1 which 
constitute the complementary common data line. This allows the column switch CSW1 to selectively 
connect (n + 1) sets of complementary data with common complementary data line £D1 . The gates of 
the two switch MOSFETs in each pair which constitute the column switch CSW1 are commonly 
connected and are provided with the data line selection signal which is created by the column address 
decoder RCD for the random access port. 

The column address decoder RCD for the random access port decodes the complementary 
internal address signals ayO through ayi that are supplied by the column address buffer CADB, and, in 
accordance with the data line selection timing signal eyr supplied by the timing control circuit TC, 
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forms the aforementioned data line selection signal which is then supplied to column switches CSWl 
through CSW4. 

The timing control circuit TC detects the falling level of the column address strobe signal CAS 
and generates the corresponding signal eac. In accordance with the signal oac, the column address 
buffer CADB receives and holds the Y address signals AYO through AYi supplied through external 
terminals AO through Ai and forms the complementary internal address signals ayO through ayi which 
are then supplied to the column address decoder RCD for the random access port. 

The other ends of each complementary data lines in memory array M-ARY1 are connected to 
the corresponding unit circuits of sense amplifier SA1 and furthermore to the corresponding unit 
circuits of data register DR1 of the serial access port. 

Latches comprising two cross-connected CMOS inverter circuits are used as the basic 
structural elements of the unit circuits in sense amplifier SA1. Each of the said sense amplifier unit 
circuits is set in the operation mode by the timing signal 0pa which is supplied by the timing control 
circuit TC, amplifies the micro-signals that are read from a memory cell and output to its 
corresponding complementary data line, and forms a binary signal with a high level or a low level. 

The complementary common data line £D1 to which the complementary data line that 
is specified by the Y address signals AYO through AYi is selectively connected is connected to the 
input/output circuit RIO for the random access port. Complementary common data lines £D2 through 
£D4 which are provided corresponding to memory arrays M-ARY2 through M-ARY4 are similarly 
connected to the random access port input/output circuit RIO. 

When the dual port memory is in the random access port write operation mode, the random 
input/output circuit RIO, which is set in the operation mode by the timing signal orw supplied by the 
timing control circuit TC, receives write data from an external device through input/output terminals 
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101 through 104 arid transfers the said write data as complementary write signals to the 
complementary common data lines £D1 through £D4. Furthermore, when the dual port memory is in 
the random access port read operation ode, the random input/output circuit RIO, which is set in the 
operation mode by the timing signal err supplied by the timing control circuit TC, receives binary 
signals that are read from the memory cells over complementary common data lines £D1 through 
£D4, amplifies the said binary signals and then outputs the said binary signals from input/output 
terminals 101 through 104. Although not restricted by this, the said random input/output circuit RIO 
is provided with a logical operation circuit that uses the read/modify/write function to perform various 
[logical] operations between the input data and data read from the memory cells and then rewrites the 
results. The said logical operation circuit is provided with various [logical] operation modes for 
performing processes such as a raster operation. 

The operation mode of the logical operation circuit is specified by the function control circuit 
FC which comprises a register for holding the operation codes which are supplied through external 
terminals AO through A3 and a decoder which decodes the said operation codes and selects and 
specifies the operation mode of the logical operation circuit. When the level of the column address 
strobe signal CAS is set to low before the row address strobe signal RAS is, and if the level of the 
write enable signal WE is low at the same time, the operation codes are supplied to the dual port 
memory via external terminals AO through A3. Furthermore, the specific combinations of the 
operation codes are used as internal control signal sp which sets the output of the serial input/output 
circuit SIO described hereinbelow in the so called xl bit configuration. 

As described hereinbelow, when the dual port memory is in the serial read operation mode, the 
external terminals 101 through 104 for data input and output are provided with the number of cycles 
of the serial clock signal SC required for starting the serial output operation after the serial read 
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operation mode is activated. With the dual port memory of this embodiment, this arrangement allows 
the timing when the serial output mode will begin after its activation to be set at will and enables a 
serial output operation that is synchronized in a stable manner with the serial clock signal SC whose 
period will be short when the dot rate is high. The data on the number of cycles that is supplied to 
external data input/output terminals 101 through 104 is sent to timing control circuit TC as internal 

signals iol through io4. 

The serial access port of the dual port memory of this embodiment comprises data registers 
DR1 through DR4 of (n + 1) bits corresponding to the complementary data lines in each memory 
arrays, data selectors DSL1 through DSL4, pointer PNT, column address decoder SCD for the serial 
access port and serial input/output circuit SIO, the latter three being commonly provided for the 
aforesaid four data registers and data selectors. Incidentally, depending on the layout of the memory 
arrays on a semiconductor substrate, a plurality of pointers PNT and a plurality of the column address 
decoders SCD for the serial access port may be provided. 

Corresponding to the complementary data lines in the memory array M-ARY1, the data 
register DR1 includes (n + 1) pieces of flip-flops for data latching purpose. Switch MOSFETs for data 
transfer use are provided between the input/output nodes of the said flip-flops and their corresponding 
noninverting signal line and inverting signal line of the complementary data lines. Timing signal eat 
for data transfer use output by the timing control circuit TC is supplied to the gates of the aforesaid 
MOSFETs. 

Each bit of the data register DR1 is connected to its corresponding switch MOSFET of data 
selector DSL1. The data selector DSL1, which is similarly constructed as the afore-described column 
switch SW1 , selectively connects each bit of the data register DR1 with the complementary common 
data line £DS 1 used for serial input and output. The gates of each pair of switch MOSFETs of data 
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selector DSL1 are commonly connected and are provided with the register selection signal from 
pointer PNT. 

The pointer PNT comprises a latch circuit (pointer latch) which holds the serial operation start 
bit that is specified by the column address decoder SCD for the serial access port, shift register with (n 
+ 1) bits, and a switch circuit consisting of an n-channel MOSFET that is provided between the 
aforesaid latch circuit and the aforesaid shift register. The output terminal ps for the last bit in the said 
shift register is connected to the input terminal for the first bit Furthermore, the aforesaid timing 
signal ,dt is commonly supplied to the gates of the aforesaid switch MOSFET, When the dual port 
m emory is in the serial input/output mode, the shift register of pointer PNT engages in a looping shift 
operation in accordance with the shift clock timing signal 00 that is supplied by the timing control 
circuit TC. The selection signal that is held by the pointer latch circuit is supplied to the shifter 
register as its initial value when the level of the timing signal 0* becomes high. 

The column address decoder SCD for the serial access port decodes the complementary 
internal address signals ayO through ayi which are supplied by the column address buffer CADB and 
sets only the bit of pointer PNT corresponding to the first bit of the serial input/output specified by the 
Y address signals AYO through AYi to a logical "1 - To elaborate, when the serial input/output mode 
is being used, the word line si selected by the X address signals AXO through AXi, and Y address 
signals AYO through AYi specify the address of the first column where the serial input and output is to 
be performed. The logical "1" signal that is written to the specified bit of pointer PNT by the column 
address decoder SCD for the serial access port is shifted in a loop inside pointer PNT in accordance 
with timing signal oc. The said shifting of the logical "1" signal results in a register selection signal 
withahighleveltobesequentiallysuppliedtothedataselectorDSLl. This then results in each bit of 
data register DR1 to be successively connected to the complementary common data line £DS1 used 
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for serial input andoutput. With the dual port memory of the present embodiment, this arrangement 
allows the serial input and output of the memory data to be started from any desired column address 
which in turn allows processes like scrolling on an image memory to be performed at a high speed. 

In the foregoing manner, when the dual port memory is in the serial read operation mode, the 
(n + 1) bits of read data that are output over (n + 1) sets of complementary data lines in memory array 
M-ARY1 are stored in data register DR1 when the level of timing odt becomes high. At the same 
time, with respect to pointer PNT, when the level of timing odt becomes high, the selection signal that 
is held by the pointer latch is transferred to the shift register as the initial value. In accordance with the 
register selection signal that is successively sent from pointer PNT, read data is sent to the serial 
input/output circuit SIO via the complementary common data line £DS1 for serial input and output 
On the other hand, when the dual port memory is in the serial write operation mode, the write data 
which is'serially sent from serial input/output tenninal SIOl via serial input/output circuit SIO is 
sequentially provided to the corresponding bit of the data register DR1 in accordance with the register 
selection signal that is successively sent from pointer PNT. When the level of timing edt changes to 
high, the write data which was stored in data register DR1 is written, all at once, to the (n + 1) pieces 
of memory cells which are connected to the selected word line in memory array M-ARY1. 

The serial input/output circuit SIO includes a data input buffer, a data output buffer and four 
main amplifiers which are provided corresponding to serial input/output terminals SIOl through SI04 
and complementary common data lines £DS1 through £DS4 used for serial input and output. When 
the dual port memory is in the read data transfer mode, the data output buffer of the serial input/output 
circuit SIO is set in the operation mode when the level of the timing signal esr from the timing control 
circuit TC becomes high, and the data that is output over the corresponding complementary common 
data lines £DS 1 through £DS4 for serial input and output and then amplified by the corresponding 
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main amplifiers is output to an external device using the serial input/output terminals SIOl through 
SI04. When the dual port memory is in the serial write operation mode, the data input buffer of the 
serial input/output circuit SIO is set in the operation mode when the level of the timing signal *sw 
from the timing control circuit TC becomes high, and the write data that is supplied from an external 
device over the corresponding serial input/output terminals SIOl through SI04 is transferred as 
complementary write data signals to the corresponding complementary common data lines QDS1 
through £DS4 for serial input and output The serial input/output circuit SIO performs the serial input 
and output operation on the memory data in accordance with timing signal 0C which is generated by 
the timing control circuit TC based on a serial clock signal SC that is supplied from an external 
source. 

As described above, with the dual port memory of this embodiment, the serial output signal of 
the serial input/output circuit SIO is ordinarily output four bits at a time using the four serial 
input/output terminals SIOl through SI04. However, to realize a serial memory with a larger memory 
capacity, it is possible to use the dual port memory as a memory which the so-called xl bit 
configuration where data that is read and output from four memory arrays, M-ARY1 through M- 
ARY4, is serially output through one serial input/output terminal. In this case, as mentioned earlier, 
one of the combinations of the operation codes which control the operation mode of the logical 
operation circuit in the random input/output circuit RIO is used as internal control signal sp which 
^ecifiesaxl bit configuration for the serial output. When me level of me said internal control signal 
sp from the function control circuit FC becomes high, a multiplexer that is provided in the serial 
input/output circuit SIO sequentially selects the read data that is serially output over the four sets of 
serial input/output complementary common data lines CDS1 through £DS4 and outputs to an external 
device using one serial input/output terminal SIOl. Since this serial output is performed in accordance 
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with timing signal 0c from the timing control circuit TC, the data rate becomes the same as what the 
data rate would be for each input/output terminal had the four serial input/output terminals SIOl 
through SI04 been used to perform a serial output four bits at a time. 

The timing control circuit TC receives from an external source, as control signals, row address 
strobe signal RAS, column address strobe signalCAS, write enable signal WE , data transfer control 
signal DT/OE, and serial output control signal SOE and forms the various aforesaid timing signals 
and supplies them to the different circuits. The timing control circuit also uses the serial clock signal 
SC supplied from an external source to generate the timing signal ec which is used for synchronizing 
the serial input/output operation and supplies the said signal to the serial input/output circuit SIO. 

The operation mode of the dual port memory is specified by suitably combining the various 
control signals. For example, if the level of the row address strobe signal RAS is low already and if, 
when the level of the column address strobe signal CAS becomes low, the level of the write enable 
signal WE is high, the ordinary read operation mode using the random access port is selected. If the 
level of the row address strobe signal RAS is low already and if, when the level of the column address 
strobe signal CAS becomes low, the level of the write enable signal WE is low, the ordinary write 
operation mode using the random access port or the [logical] operation write operation mode is 
selected. Furthermore, if, when the level of the row address strobe signal RAS falls, the level of the 
write enable signal WE is high and the level of the data transfer control signal DT / OE is low, the 
read data in the memory array is transferred to data registers DR1 through DR4, and the so-called data 
transfer mode is selected for serially reading the data. 

As described above, when the dual port memory of the present embodiment is in the data 
transfer mode, when the level of the row address strobe signal RAS falls to low, in synchrony with 
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this change in level; the number of cycles of the serial clock signal SC required from activation until 
the start of the next data transfer operation on the serial read data is set in external terminals 101 
through 104 used for data input and output. Because of this, the timing control circuit TC is provided 
with counter circuit CTR which receives the data on the number of cycles via the data input/output 
terminals 101 through 104 and performs a count-down operation in accordance with the serial clock 
signal SC. The read data that is output to the respective data lines is transferred to data registers DR1 
through DR4 in accordance with the timing signal cdt which is generated when the value of counter 
circuit CTR in the timing control circuit TC becomes "0." The said data is then output by the serial 
input/output circuit SIO to the outside via serial input/output terminals SI01 through SI04 in 
accordance with the timing signal ec. 

Next, if, when the level of the row address strobe signal RAS falls, the levels of the data transfer 
control signal DT / OE and the write enable signal WE are both low and the level of the serial 
input/output control signal SOE is high, the timing control circuit TC sets the dual port memory in the 
serial write operation mode, and the serial write data that is supplied via serial input/output terminals 
SI01 through SI04 is fed to data registers DR1 through DR4. On the other hand, if, when the level of 
the row address strobe signal RAS falls, the levels of the data transfer control signal DT / OE and 
the write enable signal WE are both low and the level of the serial input/output control signal SOE is 
also low, the write data transfer mode is selected, and the transfer timing signal edt is generated. This 
sets the transfer switch MOSFETs of data registers DR1 through DR4 in an ON state. This results in 
the afore-described serial write operation mode, and the write data stored in data registers DR1 
through DR4 are fed all at once to (n + 1) bits of memory cells that are connected to the selected word 
Hne in the memory array. The serial write operation using the serial access port of a dual port memory 
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is realized by executing the write data transfer mode in combination after executing the afore- 
described serial write operation mode. 

On the other hand, if the level of the column address strobe signal CAS changes from high to 
low before the level of the row address strobe signal RAS falls to low, the so-called CAS before RAS 
refresh mode is selected. Also, if the level of the write enable signal WE is already low when the 
level of the row address strobe signal RAS falls, the [logical] operation mode setting cycle is selected, 
and the [logical] operation code which is supplied via external terminals AO through A3 is stored in 
the register in the function control circuit FC. 

With all of the operation modes other than the afore-described [logical] operation mode setting 
cycle, the X address signals AXO through AXi which specify the word line are supplied to the external 
terminals AO through Ai in synchrony with the falling level of the row address strobe signal RAS . 
Also, if a particular operation mode requires a column address, the Y address signals AYO through 
AYi which specify the complementary data line are supplied to the external tenninals AO through Ai 
in synchrony with the falling level of the column address strobe signal CAS. 

Fig. 1 shows a circuit diagram of apart of one embodiment of the timing control circuit TC for 

a dual port memory shown in Fig. 2. 

As previously stated, with the dual port memory of this embodiment, the data input/output 
external tenninals 101 through 104 are used to specify, using a binary representation, the number of 
cycles of the serial clock signal SC that is required from the activation of the dual port memory by the 
level of the row address strobe signal RAS becoming low until the start of the data transfer operation 
on the read data. The said number of cycles is supplied as internal data iol through io4 to the 
conesponding bits in the counter circuit CTR in the timing control circuit TC. 
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Another timing generating circuit is provided within timing control circuit TC, and from the 
said other timing generating circuit, the counter circuit CTR receives the timing signal ecs which is 
generated in synchrony with the falling level of the row address strobe signal RAS . The counter 
circuit CTR also receives the [counter] advancing timing signal ecp which is created within the timing 
control circuit TC shown in the said figure. 

The inverted output signals CI through C8 from each bit in the counter circuit CTR are 
supplied to the four input terminals of the AND gate circuit AG1 . The level of the output signal ctrO 
of the AND gate circuit AG1 is set to high when the inverted output signals CI through C8 of the 
counter circuit CTR are all logical "0," that is, when the value of the counter circuit CTR becomes "0 - 

The output signal ctrO of the AND gate circuit AG1 is fed to one input terminal of the NAND 
gate circuit NAG1 and, after the said output signal has been inverted by inverter circuit N3, also to one 
input terminal of the AND gate circuit AG2. The other input terminal of the NAND gate circuit 
NAG1 receives the output signal snn from a flip-flop which is not illustrated after the said output 
signal snn has passed through a suitable delay means (for example, an even number of inverter 
circuits). The said output signal srm from the flip-flop which is not illustrated is set if, when the level 
of the row address strobe signal RAS falls from high to low, the levels of the column address strobe 
signal CAS and the write enable signal WE are high and the level of the data transfer control signal 
DT / OE is low. in other words, the output signal snn of the said flip-flop is used as a mode signal 
which specifies the read data transfer cycle of the dual port memory. Given this setup, the level of the 
output signal of the NAND gate circuit NAG1 becomes low when the levels of the output signal ctrO 
of the AND gate circuit AG1 and the mode signal srm are high. The output signal of the NAND gate 
circuit NAG1 is delayed by a suitable delay means D, inverted by inverter circuit N4 and then fed to 
5 of the input terminals of the NOR gate circuit NOG1 while the output signal of the NAND gate 
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circuit NAG1 is also fed directly to the other input terminal of the NOR gate circuit NOGl . The 
output signal ofthe NOR gate circuit NOGl is fed to pointer PNT as timing signal 0dt. In other 
words, when the level ofthe mode signal srm is high which means that the dual port memory is in the 
read data transfer mode, the level ofthe timing signal adt is temporarily set to high for a prescribed 
amount of time when the level ofthe output signal ctrO ofthe AND gate circuit AGl is high. 

Serial clock signal SC that has passed through inverter circuits Nl and N2 is fed to the other 
input terminal ofthe AND gate circuit AG2. This means that the level ofthe output signal ofthe AND 
gate circuit AG2 becomes high when the level ofthe output signal ctrO ofthe AND gate circuit AGl is 
low, the level ofthe output signal ofthe inverter circuit N3 is high, that is, when the value ofthe 
coulter circuit CTR is not "0 » and the level ofthe serial clock signal SC is high. In other words, the 
output signal of the AND gate circuit AG2 serves as a timing signal acp which advances and counts 
down the counter circuit CTR until the value of the counter circuit CTR becomes "0." Also, the serial 
clock signal SC that has passed through inverter circuits Nl and N2 becomes timing signal ec 

Fig. 3 shows a timing chart of one embodiment which is used to explain the operation ofthe 
read data transfer mode for a dual port memory that includes the timing control circuit TC shown in 
Fig. 4 [sic]. An overview ofthe read transfer mode ofthe dual port memory of this embodiment is 

explained with reference to Fig. 3. 

In Fig. 3, the dual port memory is activated when the level ofthe row address strobe signal 
RAS changes from high to low. Prior to the level ofthe row address strobe signal RAS falling from 
high to low.the levels of the column address strobe signal CAS and write enable signal WE are set to 
high.andmelevelofmedatatransfercontrolsign^ The X address signals 

AXO through AXi which specify the word line are fed to the external terminals AO through Ai, and the 
number of serial clock signal SC cycles ctrz which must elapse between the level of the row address 
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strobe signal RAS Tailing and the start of the serial output operation on the read data is fed to external 
terminals IOl through 104 used for data input and output. 

The number of cycles ctrz is determined by the counter value of a counter circuit which is 
included in a memory control circuit that is external to the dual port memory and which is used for 
controlling the horizontal pixel location on a CTR [sic]. To explain, letting Nl represent the counter 
value corresponding to the last bit in one word line worth of read data and N2 represent the counter 
value when the level of the row address strobe signal RAS is to fall, the number of cycles ctrz is 

determined as follows: 

ctrz = Nl - N2 

The number cycles ctrz is set to a suitable value that satisfies the above equation while providing more 
time than is necessary to set a read data in the random access port of a dual port memory. 

The level of the column address strobe signal CAS changes from high to low with a slight 
delay after the level of the row address strobe signal RAS falls. Prior to the level of the column 
address strobe signal CAS falling from high to low, the address of the data line that should be output 
first during a serial output operation is supplied to external terminals AO through Ai as Y address 
signals AYO through AYi. The levels of the row address strobe signal RAS , column address strobe 
signal CAS, write enable signal WE and data transfer control signal DT / OE are returned to high 
after the counter value of the counter circuit CTR has become "0" and the serial output operation has 
been started. 

With the dual port memory, when the level of the row address strobe signal RAS falls, the X 
address signals AXO through AXi are stored in the row address buffer RADB, and a word line 
selection operation is performed. When the level of the row address strobe signal RAS falls, the level 
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of the mode signal srm is set to high, the timing signal ecs is generated, and the number of cycles ctrz 
which is supplied to external terminals 101 through 104 used for data input and output are stored in 
the counter circuit CTR. This makes the output of the counter circuit CTR to a value other than "0 " 
and the level of the output signal ctrO of the AND gate circuit AG1 shown in Fig. 1 becomes low. 
When the level of the output signal of the said AND gate circuit AG1 becomes low, that is, when the 
,evel of the output signal of the inverter circuit N3 becomes high, the output signal of the AND gate 
circuit AG2, that is, the timing signal ocp for advancing the counter circuit CTR is generated. 
Whenever the level of the said timing signal ocp becomes low, the counter circuit CTR counts down 
from the value .of the number of cycles ctrz that was initially stored toward the value of "0 » 

While the counter circuit CTR is counting down the serial clock signal SC, the word line 
selection operation is completed in the dual port memory, and the data that is read from the (n + 1) 
m emory cells that are connected to the selected word line is set in their corresponding complementary 
data lines. Also, when the level of the column address strobe signal CAS falls, the Y address signals 
AYO through AYi are received, and the column address decoder SDC for the serial access port begins 
selecting a data line. At the same time that the said column address decoder SCD for the serial access 
port complete, the decoding process, the 

of pointer PNT corresponding to the Y address signals AYO through AYi. 

As the counter circuit CTR counts down and when the counter value become «0," the level of 
the output signal ctrO from the AND gate circuit AG1 becomes high which causes the level of the 
output signal of the inverter circuit N3 to become low and stops the timing signal acp which is used 
for advancing the counter circuit CTR. Also, timing signal *dt is created and the read data that had 
heen set in each of the data lines is transferred to data registers DR1 through Dr4. Furthermore, timing 
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signal esr is generated in synchrony with the serial output control signal SOE which controls the data 
output buffer DOB of the serial input/output circuit SIO. 

With the timing signal *sr at a high level, the serial input/output terminals SIOl through SI04 
changes from a high-impedance state Hz to a level commensurate with the read data in the first 
address specified by Y address signals AYO through AYi. This commences the output operation of the 
read data. 

With the levels of the mode signal srm and the output signal ctrO of the AND gate circuit AG1 
being high, the timing control circuit TC generates timing signal ec which is used for shifting and is 
synchronized with the serial clock signal SC. The said timing signal 00 is supplied to the serial 
input/output circuit SIO and the pointer PNT. This causes the logical "1" signal that had been set by 
the selection operation of the column address decoder SCD for the serial access port in the bits of 
pointerPOT correspond 

the re ad data that had been stored in data registers DR1 through DR4 to be output to serial input/output 
terminals SIOl through SI04 via the serial input/output circuit SIO and the complementary common 
data lines CDS1 through £DS4 for serial input/output use. The shifting of the pointer PNT with the 
timing signal ac happens in synchrony with the level of the said timing signal rising from low to high. 
The pointer PNT ignores the first pulse from the timing signal ec so as to secure an output time width 
for the first data. 

As the serial output operation for the read data progresses as dictated by the riming signal oe 
^ when the las. re*l da* is ou^ut, the level of dte serial outpu. conBol signal SOE is renamed ,o 
W gh which cans* the level of the mod. signa! snn to become low which, in turn, cause* the lev., of 
the serial output riming signs, osr ,. be set ,0 low in synchrony with the lev., of the «*> Cock sigtal 
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SC rising to high. This stops the serial output operation of the dual port memory, and the serial 
input/output terminals SIOl through SI04 are set in a high-impedance state. 

As the foregoing description shows, when the dual port memory of the present embodiment is 
in the read data transfer mode, the number of cycles ctrz of the serial clock signal SC required between 
toe level of the row address strobe signal RAS becoming low and the start of the serial output 
operation of the read data is specified in synchrony with the level of the row address strobe signal 
RAS becoming low. The said number of cycles ctrz is set in the counter circuit CTR in the timing 
control circuit TC as an initial value for starting the count down operation. When the counting down 
by the counter circuit CTR ends and the counter value become "0 - the serial output operation of the 
read data is begun. This allows the serial output operation of the dual port memory to be performed in 
accurate synchrony with the serial clock signal SC and the scanning timing of the CTR [sic] and 
thereby provides stable displayed images even when an external high-resolution CTR [sic] with an 
extremely high dot rate for the displayed data is used. 

As the foregoing description of the present embodiment shows, a semiconductor memory 
device such as a dual port memory that uses the present invention for image processing provides the 
following effects, namely: 

(1) When a dual port memory is in the read data transfer mode, by specifying - in synchrony with 
the activation control signal . the number of cycles of the serial clock signal between the 
activation and the start of the serial output operation on the read data and by counting down 
using the counter circuit provided in the timing control circuit TC, the serial output operation 
on the read data can be started with a timing that is synchronized in a stable manner with the 
serial clock signal. 



25 



HKR177244 
HR905 032557 



(2) Because of (1) above, a real time transfer of the read data can be performed in accurate 

synchrony with the serial clock signal SC and the scanning timing of the CTR [sic] and thereby 
provides stable displayed images even when an external high-resolution CTR [sic] with an 
extremely high dot rate for the displayed data is used. 

The invention made by the inventor has been described hereinbefore in concrete terms using 
one embodiment of the invention, but the present invention is not restricted by the said embodiment. 
Needless to say, various modifications are possible without deviating from the gist of the invention. 
For example, the timing control circuit TC of Fig. 1 coordinates the timing by performing a count 
down operation with the counter circuit CRT. However, it is also acceptable to store the number of 
cycles ctrz of the serial clock signal SC supplied from the outside in a register and to count up the 
counter circuit CTR and to start the serial output operation when the output of the counter circuit CTR 
matches the number of cycles ctrz set in the register. It is also acceptable to decode the number of 
cycles ctrz, set a logical "1 " in the corresponding bit of a separately provided shift register, shift the 
said shift register using the serial clock signal SC, and start the serial output operation when the said 
logical "1" has reached a prescribed position. With the present embodiment, the number of cycles ctrz 
is provided in synchrony with the falling level of the row address strobe signal RAS , but it is also 
acceptable to do this in synchrony with the falling level of the column address strobe signal CAS . 
Furthermore, it is acceptable for the dual port memory shown in Fig. 2 to comprise only one memory 
array or for the input/output circuit RIO for the random access port to be not provided with a logical 
operation circuit. In this manner, various modifications are possible in the block configuration, the 
combination of the control signals, etc. that are used. 

Even though the description hereinbefore of the present invention was provided as applied to a 
dual port memory, the present invention is not restricted to use with dual port memories. For example, 
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the present mvention can be used with various multi-port memories with a serial input/output function. 
At the least, the present invention can be used with semiconductor memory devices whose serial 
output operation is controlled by control signals and a clock signal that are provided from an external 



source. 



Effects of the invention 

The effects that are obtained Son, the representative example of the invention disclosed in this 
application are as follows. To explain, when a dual port memory is in the read da* transfer mode, by 
s^g the number of cycles of the serial Cock signal between activation and the star, of me dam 
uansfer operation on me read data and by counting down using the counter circuit provided in tire 
ltatag control circuit TC. me sen- output operation on the read dam can be aaried using a timing that 
is synchronized in a smble manner wiO. .he serial clock signal, and sine, a real time mmsfer of dm 
^ dam can be performed in synchrony with the serml clock signal SC and th. scanning timing of the 
CTR [sic], stable displayed images are obtained even when the dot rat. of the displayed dam is 
increased. 

4. Brief description of the fi gures 

Fig. 1 isacircuit diagram showingapart of one embodiment of a timing control circuit of a 

dual port memory that uses the present invention. 

Fig. 2 is a block diagram showing one embodiment of a dual port memory that includes the 

timing control circuit shown in Fig. 1 . 

Fig. 3 is a timing chart of one embodiment of the read data transfer mode in a dual port 

memory shown in Fig. 2. 
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Fig. 4 is a timing 



developed by the inventor 

present invention. 

TC . Timing control 

CTj^. Counter circuit 

AG1 through AG2: AND gate circuits 

NAG1 . NAND gate circuit 

Nl through N4: Inverter circuits 



chart for the read data transfer mode in a dual port memory which was 
of the present application in concert with other individuals before the 
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Function control circuit 

Input/output circuit for the serial access port 
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